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SUMMARY I 5?

An experimental investigation to determine the effects of circum-
ferential inlet location on the performance of twin half-conical scoop-
type inlets with and without boundary-layer removal was conducted at
Mach numbers 1.49, 1.79, and 1.99 through an angle-of-attack range from
0° to 10°. Twin inlets were mounted symmetrically on the NACA RM-10
body of revolution at four circumferential locations at the statlon of

maximum dlameter.

Results indicated that for positive angles of attack, higher pres-
sure recovery performance was obtained with the inlets mounted on the
fuselage lower quadrants than on the upper quadrants. Increasing the
amount of boundary-layer removal from zero to complete removal resulted
in a significant increase in criltical pressure recovery as well as 1in
model minimum drag. These Increases when applied to a complete missile
configuration indicated a substantial gain in the net propulsive thrust
of the missile over the configuration without boundary-layer removal.
At zero angle of attack, an unfavorable interference drag caused
the minimum drag coefficlents of the configurations having inlets at
the 45° positions of the fuselage to be higher than those of the dla-

metrically opposite inlet conflgurations.

INTRODUCTION

Much of the available data on the performance characteristics of a
scoop-type side inlet have been obtained from investigations of inlets
mounted either on flat plates or at fixed positions on a specific fuse-
lage. Because of the potentlal cross-flow effects and the variable
boundary-layer thickness along the periphery of a fuselage at angles of
attack, significant effects on the angle-of-attack performance of an
inlet could result from changes in 1its peripheral locatlon.
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In*ﬁio evaluate the influence of circumferential location on

the angle of Ettack performance of an inlet, an investigation waz con-

ducted in the NACA Lewis 8- by 6-foot supersonic tunnel. A concurrent

investigation which was conducted at the Langley laboratory is reported
in reference 1.

Twin half-conical scoop-type inlets, mounted symmetrically at four
circumferential locations at the station of maximum diameter of the NACA
RM-10 body of revolution (ref. 2), were investigated at Mach numbers of
1.99, 1.79, and 1.49 through an angle of attack range from 0° to 10°
with and without boundary-layer removal ahead of the inlets. Boundary-
layer removal was accomplished by employing 16° bypass wedges of heights
equal to and twice the boundary-layer thickness at zero angle of attack.
The Reynolds number based on the model length ahead of the inlets was
approximately 17X106.

SYMBOLS
The following symbols are used in this report:

A area

CD total external drag coefficient based on maximum frontal area
of each configuration

CD‘ total external drag coefficient based on maximum frontal area
of configuration with zero boundary-layer removal

CL external 1lift coefficient based on maximum frontal area of each
configuration
CM coefficient of external moments about station 45 of RM-10 body,

based on maximum frontal area of each configuration and over-
all length of RM-10 body

D external drag force

h height of wedge spacer
h/& boundary-layer parameter
L external 1ift force

1/D lift-drag retio

M Mach number

m mass flow

P total pressure

I
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P! pitot pressure
b'e distance from cowl lip
y distance from center line of fuselage to center line of duct at

duct exit station

a angle of attack

o) boundary-layer thickness

e inlet circumferential location with respect to bottom of RM-10
body

Subscripts:

c projected inlet capture area

cr critical

L local

1 lip

0 free stream

2 diffuser discharge station, 17.5

APPARATUS AND PROCEDURE

A photograph and a schematic diagram of the RM-10 twin-scoop inlet
configuration are presented in figures 1 and 2. Twin inlets located
symmetrically at four locations around the circumference of the RM-10
body at station 45 were investigated. The inlet positions were:
diametrically opposite at top and bottom of the fuselage (6 = 0° and
1800, respectively), diametrically opposite in the horizontal plane
(6 = 90° and 270°), at the 45° positions of the fuselage upper quadrants
(6 = 135° and 225°), and at the 45° positions of the fuselage lower
quadrants (6 = 45° and 315°).

Details of the inlets are presented in figure 3. The inlets, which
had a total capture area of 21.7 percent of the basic fuselage frontal
area, were designed so that the oblique shock generated by the 25° half-
cone centerbodies would fall slightly ahead of the cowl lip for the
local Mach number ahead of the inlets corresponding to a free-stream
Mach number of 2.0. Swept-back splitter plates of 78° included angle
having their apexes alined with the tips of the cones were employed.

The floors of the inlets were designed to be parallel to the circular

surface of the RM-10 body of revolutiqp: iie resulting sharp corners
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at the cowl and splitter plate junctions were eliminated by use of
internal fillets. The corner fillets were tapered from zero radius at
the lip station to a 1/4-inch radius at inlet station 1 and remained
constant to inlet station 24.5. The cowling cross section was gradually
changed from a nearly sector-shaped section of 1.33-inch radius at the
lip station to a circular cross section of 1.4l1-inech radius at the inlet
station 24.5. The area variation of the inlets is presented in figure 4.

The boundary-layer air was bypassed around the inlets by position-
ing them radially outward from the body and inserting the wedge-shaped
spacers of 16° included angle between the floors of the inlets and the
fuselage surface of the RM-10 body (see photograph, fig. 5). Wedge
spacers of 0.375-inch and 0.750-inch heights were employed to obtain the
boundary-layer parameters h/8 of 1.0 and 2.0, respectively, as deter-
mined by preliminary flow surveys of the boundary layer at zero angle
of attack. These wedge spacers were alined with the tips of the swept-
back splitter plates (fig. S). The thicknesses of the 0.375-inch and
0.750-inch bypass wedges were increased downstream of the lip station
to maintain the alinement shown in the table of figure 2. The condition
of zero boundary-layer removal was obtained by placing the inlets directly
on the RM-10 body. With the zero boundary-layer-removal configuration,
spacers were used at the rear of the RM-10 body for alinement purposes.

A preliminary survey of the flow conditions at the inlet lip (sta-
tion 45 of the RM-10 body) was conducted to determine the boundary-layer
thickness around the circumference of the RM-10 body. The results of
this survey are presented as contour maps in figures 6 and 7. Local to
free-stream total-pressure ratios at zero angle of attack are presented
in figure 6. The boundary~layer thickness & at zero angle of attack
was estimated to be 0.375 inch at free-stream Mach numbers of 1.99 and
1.49. The local Mach number at the 1lip station, corresponding to the
free-stream Mach number of 1.99, was approximately 2.06. Angle of
attack results are presented in figure 7 as contour maps of local pitot
to free-stream total-pressure ratios. As would be expected, the boundary-
layer thickness &, represented by the dashed lines, increased along the
upper surface and decreased along the lower surface of the RM-10 body as
the angle of attack was increased. The lobes, attributed to separation
as reported in references 2 and 3, were observed at 8° and 10° angle of
attack. However, small effects of separation were found at 4° angle of
attack. The inlet positions for the h = 0.375 1inch configurations
are superimposed on the figures to indicate the amount of boundary layer
entering the inlets.

The mass flow through the inlets was varied by means of remotely
controlled plugs attached to the model sting. A three component inter-
nal strain gage balance, located at station 45, was used to measure the
axial forces on the model but not the Torces acting on the plugs.
Moments and normal forces were also measured by the strain gage Lalance.

Pressure instrumentation consisting of 18 total-pressure tubes and
4 wall static orifices in one inlet and 4 wall static orifices in the
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other inlet was located at inlet station 17.5 The average total pres-
sure at inlet station 17.5 was determined by an area weighting method
and was used to calculate the mass flows based on a choked exit at the
control plugs. The mass flows presented are those obtained from the
inlet having total-pressure instrumentation. Eight static orifices
located on the base of the configuration were used to determine an
average base pressure.

DISCUSSION OF RESULTS

The mass flow, pressure recovery, and drag characteristics of the
inlet configurations are presented for free-stream Mach numbers of 1.99,
1.79, and 1.49 in figures 8 to 11. The mass-flow ratio is defined as
the ratio of the mass flow entering the inlet to the mass flow passing
through a free-stream tube area equal to the projected capture area of
the inlet. The drag is defined as the strain gage balance force minus
the thrust developed minus the base force. The internal thrust is &
result of the change of momentum of the air passing through the inlet
from free stream to inlet station 24.5. Base forces were computed from
the base area and the average base pressures. Since the configurations
investigated did not include wings or an afterbody, the drag coeffi-
cients at angles of attack are presented primarily to indicate the
megnitude of the additive drags associated with the inlets. The drag
characteristics of the configuration with inlets having different mass
flows at angles of attack (inlets at 6 = 0° and 180°) are presented as
a function of diffuser discharge Mach number M2'

For a fixed wedge height configuration at all Mach numbers, scatter
in mass-flow - pressure recovery characteristics was obtained with
changes in inlet circumferential location (see figs. 8 to 11). This
scatter, which could not be explained, was predominant with the h =
0.750 inch configuration. The mass flow, pressure recovery, and drag
characteristics were plotted against diffuser discharge Mach number Mo

ag an ald In determining the critical values shown in figures 8 to 11.

The mass-flow range for stable operation at 0° angle of attack was
approximately 11 to 17 percent at a free-stream Mach number of 1.99,
regardless of the wedge height. At angles of attack, the stable range
was generally increased as the wedge height was increased. Largest
stability range at angles of attack was obtained when the inlets were
located at either the bottom or top positions (6 = 0° and 180°).

Zero Angle of Attack

The effects of the boundary-layer bypass wedge height on the crit-
ical values of the characteristics of the inlet configurations at zero
angle of attack are summarized in figure 12. Since the only boundary-
layer parameters h/6 investigated were 0, 1.0, and 2.0, the exact
trends of the curves are not known and therefore dashed curves are used.

S
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With the zero boundary-layer-removal configurations, extremely low
pressure recoveries were obtained. As h/® was increased to 1.0, sub-
stantial increases in critical pressure recoveries occurred. TFor example,
at a Mach number of 1.99, an improvement of 27 percent of free-stream
total pressure was observed. This increase in critical pressure recovery
corresponds to approximately a 32 percent increase in the thrust of a
turbojet engine. Insignificant gains in critical pressure recovery were
realized at a Mach number of 1.99 as h/® was increased from 1.0 to 2.0.

Each increase in h/®, however, resulted in increases in the critical
mass-flow ratios.

Two drag coefficients are presented in figure 12; Cp, which is
based on the maximum cross sectional area of each configuration, and
CD', which is based on the maximum cross sectional area of the h = 0
configuration. Each increase in h/® resulted in increased drag
coefficient Cp for all inlet configurations with the exception of those
with inlets in the 45° positions. TFor these configurations, the drag
coefficient remained essentially constant as h/6 was increased from
1.0 to 2.0. Because of an unfavorable interference drag, the drag
coefficients Cp of the configurations with inlets at the 45° positions
of the fuselage were higher than those of the configurations having inlets
diametrically opposite. The largest interference drag was obtained with
the h/® = 1.0 configurations. At a Mach number of 1.99 and h/® = 1.0,
the minimum drag coefficient Cp of the configurations having inlets at
the 45° positions was approximately 11 percent higher than those of the
diametrically opposite inlet configurations.

The net drag penalty associated with increasing the bypass wedge
height, represented by the Cp' plot, increased with increasing h/®
regardless of the inlet location. This would be expected because of
the increase in configuration frontal area. At a Mach number of 1.99,
for the configurations having inlets diametrically opposite (8 = 0° and
180° and 6 = 90° and 270°), the model minimum dreg of the h/8 = 1.0
configuration was approximately 25 percent higher than that of the h/B
= 0 configuration. Increasing h/® from 1.0 to 2.0 resulted in a 12
percent increase in the model minimum drag over that of the h/6 = 1.0
conflguration. The 25 percent rise in minimum drag of the configura-
tions having diametrically opposite inlets, due to complete boundary-
layer removal, corresponds to approximately a 7 percent increase in the
minimum cruise drag of a typical missile such as reported in reference
4. At Mach number 1.99, with the configurations having inlets mounted
at the 45° positions of the fuselage (6 = 135° and 225° and 6 = 45° and
3150), the model minimum drag of the h/6 = 1.0 configuration was 33
percent higher than that of the h/® = 0 configuration. As the n/s
was Increased to 2.0, the model minimum drag penalty was 4 percent of
the minimum drag of the h/6 = 1.0 configuration.

_
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Angle of Attack

The effect of angle of attack on the critical pressure recoveries
of the inlet configurations is presented in figure 13. These data will
be discussed according to inlet position.

Inlet mounted at 6 = 0°, - At each Mach number and for each wedge
height configuration, the highest pressure recovery performance through-
out the angle of attack range was obtained with the inlet located at the
bottom of the fuselage (6 = OO). With the h = 0 configuration, the
critical pressure recovery increased with increasing angle of attack
primarily because of the decrease in boundary-layer thickness. Although
substantial increases in critical pressure recovery resulted with
increasing angle of attack, the magnitudes of the critical pressure
recoveries were still significantly lower than those obtained at zero
angle of attack with the configurations utilizing boundary-layer removal.
The critical pressure recoveries of the h = 0.375 and h = 0.750 inch
configurations remained relatively constant with increasing angle of
attack because the inlets at 6 = 0° were always operating at h/&
greater than unity (see fig. 7).

Inlets mounted at 6 = 45° and 315°. - The second highest pressure
recovery performance was obtained when the inlets were located at the
45° positions of the fuselage lower quadrants. With the h = 0 con-
figuration, the critical pressure recoveries increased as the angle of
attack was increased to 3° and then remained essentially constant. With
the configurations utilizing boundary-layer removal, the critical pres-
sure recoverieg decreased with increasing angle of attack. However, the
losses in the critical pressure recoveries of the h = 0.750 inch con-
figuration at the higher angles of attack (6° and 10°) were approximately
one-half those obtained with the h = 0.375 inch configuration. These
angle of attack losscs were probably due to the cross flow effects. Thus
significant pressure recovery losscs at angles of attack might be reduced
by moving the inlets outward from the body flow field.

Inlets mounted at 6 = 90° and 270° and at 6 = 135° and 225°. -
Iarge drops in critical pressure recoveries with increasing angle of
attack resulted with all configurations having inlets at 6 = 90° and
270O and at 6 = 135° and 225°. However, gains in the critical pressure
recoveries at angles of attack were realized with each increase in the
amount of boundary layer removed.

It should be noted that if the inlets located at the upper and
lover 45° positions and in the horizontal plane were canted with
respect to the fuselage, the large losses in the pressure recoveries
suffered at angles of attack could be decreased.



8 q NACA RM E53G09

Inlet mounted at 6 = 180°%. - With the inlet located at the top of
the fuselage, significant losses in critical pressure recoveries resulted
up to 30 angle of attack with the h = O configuration and up to 6°
angle of attack with the h = 0.375 and 0.750 inch configurations.
As the angle of attack was further increased, the performance of the
configurations was improved by the presence of the body "separation
lobes" which allowed more high-energy air to enter the inlets (see
fig. 7). At 10° angle of attack, the critical pressure recoveries of
the h = 0 configuration were nearly equal to or slightly greater than
those at 0° angle of attack. However, the critical pressure recoveries
remained low, never reaching the magnitude of the critical pressure
recoveries of the configurations operating with boundary-layer removal
and at 0° angle of attack.

The effects of angle of attack on the external 1lift coefficient
and lift-drag ratio of each inlet configuration are presented in figures
14 and 15. Although the absolute values of the 1ift coefficients and
lift-drag ratios presented are not applicable for a complete missile
configuration, the plots are indicative of the trend that can be expected
when the inlet circumferential location is changed. The external 1lift
1s defined as the difference between the measured value and the computed
value of the internal 1lift component of the momentum of the inlet mass
flow. The 1ift coefficients were essentially independent of mass flow
and boundary-layer wedge height. The highest 1ift coefficients at
angles of attack were obtained with the configuration having inlets
located at 6 = 90° and 270°. In order to take advantage of this high
1ift, however, the pressure recoveries of inlets located at 6 = 90°
and 270O would have to be less sensitive to changes in angles of attack
than these inlets investigated. The configuration with inlets at 6 = 0°
and 180° (top and bottom) had the lowest 1ift coefficients at angles of
attack. Similarly, the highest and lowest lift-drag ratios at critical
mass flows (fig. 5) of the h = 0.375 inch configuration were obtained
with the inlets located at 6 = 90° and 270° and at 6 = 0° and 180°,
respectively. There was very little to be gained in lift-drag ratios
by selecting one configuration with inlets at the 45° positions over the
other.,

The effect of angle of attack on the external moment coefficients
at critical mass flows of the h = 0.375 inch configuration is presented
in figure 16. The external moments presented were computed by subtracting
the moments due to the base forces and internal thrusts from the measured
moments at station 45 of the RM-10 body.

It was found that the external moment coefficients of the configu-
ration having inlets at 6 = 0° and 180° remained essentially constant
with mass flow throughout the angle of attack range. With the inlets
mounted at 6 = 90° and 270° and at 6 = 135° and 225°, the external
moment coefficient generally decreased with decreasing mass flows. For

2978
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the configuration having inlets mounted at 6 = 45° and 3150, the exter-
nal moments at all angles of attack except 10° increased slightly with
decreasing mass flows. At 10° angle of attack, the moments decreased
with decreasing mass flows.

SUMMARY OF RESULTS

The following results were obtained from an investigation to deter-
mine the effects of inlet circumferential location on the angle of attack
performance of twin half-conical scoop-type inlets with and without
boundary-layer removal mounted at four circumferential positions at the
station of maximum diameter of the NACA RM-10 body of revolutions

1. The highest pressure recovery performance resulted with the
inlet located at the bottom of the fuselage. This location was the
only inlet position not adversely affected by increases in angle of
attack. The critical pressure recoveries of the inlets utilizing
boundary-layer removal remained essentially constant with increasing
angle of attack. With the zero boundary-layer-removal configuration,
the critical pressure recoveries, which were extremely low, increased
substantially with increasing angle of attack but never reached the
zero anzle of attack critical pressure recoveries of the inlets utiliz-
ing boundary-layer removal.

2. The second highest pressure recovery performance was obtained
with the twin inlets located at the 45° positions of the fuselage lower
quadrants. Moving the inlets to the top of the fuselage resulted in
progressively larger angle of attack losses in the critical pressure
recoveries except for the inlet mounted at the top of the fuselage.

For this exception, the pressure recovery losses were reduced at the
higher angles of attack.

3. As the boundary-layer bypass wedge height was increased from O
to the value equal to the boundary-layer thickness at zero angle of
attack, significant gains in pressure recovery were obtained at any
angle of attack with all inlet configurations. Increasing the wedge
height from the boundary-layer thickness to twice the boundary-layer
thickness resulted in substantial improvements in the angle of attack
performance of the inlets located in the upper quadrants of the fuse-
lage. With the inlets located at the 45° positions of the fuselage
lower quadrants, substantial gains were evident only at the higher
angles of attack (6° and 10°). For the inlet at the bottom of the
fuselage, no significant gains resulted at Mach numbers of 1.99 and
1.49.
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4. At a Mach number of 1.99 and zero angle of attack, increasing
the bypass wedge height from O to the boundary-layer thickness resulted
in a gain in critical pressure recovery equal to 27 percent of free-
stream total pressure. This increase corresponds to approximately a
32 percent increase in the thrust of a turbojet engine. Accompanying
this increase in critical pressure recovery was a 25 percent increase
in model minimum drag for the configurations having inlets mounted
diametrically opposite. This model drag penalty would correspond
to approximately a 7 percent increase in the cruise drag of a
missile configuration. When the inlets were located at the 45° position
of the fuselage upper and lower quadrants, the model configuration drag
was increased 33 percent because of complete boundury-layer removal.
Increasing the wedge height from 1 to 2 boundary-layer thicknesses
resulted in insignificant gains in the zero angle of attack critical
bressure recovery and 12 percent and 4 percent drag penalty for the
cogfigurations having diametrically opposite inlets and inlets at the
45" positions, respectively.

S. Higher model minimum drag coefficients at zero angle of attack
were obtained with the configurations having inlets mounted at the 45°
positions than with the configurations having Inlets mounted dia-
metrically opposite.

Lewis Flight Propulsion Laboratory
National Advisory Committec for Aeronautics
Cleveland, Ohio, July 21, 1953
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Figure 1. - Photograph of model installation.
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